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Introduction
A central finding in the economic literature on international migration is that emigrants are not randomly selected from the population of the source countries. The nature of the non-random selection affects the level and the distribution of welfare through two major channels. First, the skill distribution of migrants affects the wage structure in both sending and receiving countries (Borjas 2003) . A second effect takes place through the public sector. Immigration creates a fiscal surplus in the receiving country if and only if the net present value of the tax payments of immigrants exceeds the net present value of the costs they impose. Both the immigration of net recipients and the emigration of net payers pose a challenge to the public treasury (Wildasin 1991; Sinn 1997) .
Beginning with Borjas (1987) , there has been a great deal of interest in deriving and empirically testing models that predict how migrants differ from non-migrants. Many of these studies rely on an application of the Roy model of occupational self-selection. As long as skills are sufficiently transferable across countries, the sorting of persons across countries is mainly determined by international differences in the rate of return to skills. A country like the United States would then attract high-skilled workers from more egalitarian countries (i.e., countries offering relatively low rates of return to skills) and low-skilled workers from countries with greater income inequality (i.e., countries offering higher rates of return to skills). The evidence indeed suggests a negative crosssection correlation between the earnings of immigrants in the United States and income inequality in the source countries. 1
Although the existing literature on immigrant selection focuses mainly on the U.S. context or on migration flows from poor to rich countries, there are also sizable migration flows between rich countries. 2 According to the United Nations (2013), 21.9 million persons from EU15 countries now live outside their birthplace, with 42 percent of these migrants living in other EU15 countries and an additional 13 percent living in the United States. 3 This paper examines the self-selection of emigrants from Denmark, one of the richest and most redistributive European welfare states. In 2013, over a quarter million Danes lived outside Denmark (corresponding to about 5 percent of the Danish-born population), with 50 percent of the migrants living in other EU15 countries and 13 percent in the United States (United Nations, Department of Economic and Social Affairs 2013). Because the returns to skills in Denmark are relatively low, the canonical Roy model predicts that the emigrants should be positively selected in the sense that the expected earnings of the migrants exceed the expected earnings of the stayers. 4 Our theoretical analysis shows that the canonical framework does not only have predictions about the difference between the expected earnings of migrants and non-migrants, which is the basis for the standard definition of positive or negative selection in the literature, but also about the stochastic ordering of the two earnings distributions. We show that the same conditions that predict that migrants are positively self-selected in the sense of a difference in expected incomes also predict that the income distribution of the migrants will first-order stochastically dominate the income distribution of the non-migrants. The theory also distinguishes between selection in observable and selection in unobservable characteristics.
Our empirical analysis uses the Danish full population administrative data to analyze how migrants and non-migrants differ in their pre-emigration earnings and other observable characteristics. To shed light on the role of unobservable characteristics in the selection process, we investigate how migrants and non-migrants differ in terms of unobservable earnings ability, as measured by residuals from Mincerian earnings regressions. Our empirical results are in line with the predictions of the model: Danish emigrants are indeed positively self-selected both in terms of earnings and in terms of residuals from the wage regressions. Following our reframing of the canonical Roy framework in terms of the concept of stochastic dominance, our study specifically tests for whether the earnings distribution of the emigrants stochastically dominates that of the stayers (as would be predicted by the model). The evidence confirms this strong theoretical prediction over most of the support of the earnings distribution.
Our study is related to the flurry of recent papers that examine the selection of migrants from Mexico to the United States. The pioneering analysis of Chiquiar and Hanson (2005) merged information from the U.S. census on the characteristics of the Mexican migrants with information from the Mexican census on the characteristics of the Mexican non-migrants. Because the merged data did not report the earnings of migrants prior to the move, pre-migration earnings were predicted based on observable characteristics of the migrants. This "counterfactual" empirical exercise suggested that Mexican emigrants were located in the medium-high range of the Mexican wage distribution. The finding of intermediate selection in the Mexican context does not seem consistent with the basic implications of the Roy model because the rate of return to skills is far larger in Mexico than in the United States. More recent studies by Fernández-Huertas Moraga (2011) and Kaestner and Malamud (2014) use survey data that report the actual premigration earnings and find evidence of negative selection. They also conclude that part of the negative selection can be traced to the unobservable characteristics that determine a migrant's earnings. 4 For comparisons of gross wage premia from tertiary education across countries see Boarini and Straus (2010) . A recent paper studying returns to cognitive skills is Hanushek et al. (2015) . The study finds significant cross-country differences. Moreover, the returns are relatively low in Denmark as well as in other Nordic countries, and high in the United States, Germany and the United Kingdom, which also are among the most popular destinations of Danish migrants.
The important role played by unobservable characteristics implies that constructing a counterfactual earnings distribution for the migrants based on observable characteristics can greatly bias the nature of the selection revealed by the data. Our findings suggest that the use of such a counterfactual distribution will tend to understate the true selection in earnings, so that the selection implied by the counterfactual distribution is far weaker than the true selection-regardless of whether there is positive or negative selection. The numerical bias that results from using the counterfactual estimation is sizable in the Danish context: more than half of the difference between the earnings distributions of migrants and non-migrants arises because of differences in unobserved characteristics.
The paper is organized as follows. Section 2 sketches the economic theory underlying the analysis and derives theoretical predictions concerning the self-selection of emigrants, using the notion of stochastic dominance as a unifying concept. Section 3 introduces and describes the unique population data that we use and reports some summary statistics. Sections 4 and 5 present the main empirical findings. In section 4, we examine the selection in terms of observed pre-migration earnings. We present a statistical method for testing the theoretical implication that the earnings distribution of the emigrants should stochastically dominate the corresponding distribution of the nonmigrants. Section 5 extends the empirical work by examining the selection that occurs in the unobserved component of earnings. Section 6 evaluates the bias that results from predicting the pre-migration earnings of emigrants from the earnings distribution of non-migrants. Section 7 examines whether the selection of persons moving to other EU15 countries differs from the selection of migrants moving to countries where immigration restrictions come into play. We find that immigration restrictions have little effect on the selection of emigrants. Finally, Section 8 summarizes the study and draws some lessons for future research.
Theoretical framework
Previous literature on the self-selection of migrants has focused on the conditional expectations of earnings distributions among migrants and stayers. In this section, we derive a novel result: the Roy model implies that under certain conditions, the earnings distribution of migrants first-order stochastically dominates, or is stochastically dominated by, the earnings distribution of stayers. In a bivariate normal framework, it turns out that the conditions required for stochastic dominance are identical to the conditions that determine the nature of self-selection in terms of expected earnings.
We also decompose self-selection into two components, one that is determined by differences in returns to observable skills between source and host country, and one that is determined by differences in returns to unobservable skills. The distinction between observable and unobservable skills, of course, depends on the empirical framework and on the data that is being used; observable skills include the variables explaining earnings that are included in the data, while the component of earnings that is left unexplained by the data is the unobservable skill component. Even though the content of the two components differs among data sets, we show that it is likely that a major part of migrant self-selection is determined by the unobservable component simply because "observables" tend to explain a relatively small fraction of the variance in earnings.
We take as our starting point the migration decision faced by potential migrants in a two-country framework, in line with Borjas (1987) and subsequent literature. Residents of the source country (country 0) consider migrating to the destination country (country 1), and the migration decision is assumed to be irreversible. To simplify the presentation, we focus on a single observed skill characteristic s and suppress the subscript that indexes a particular individual. For concreteness, the variable s can be thought of as giving the worker's years of educational attainment, but it includes all the characteristics affecting individual's income that are observed in a given set of data. Residents of the source country face the earnings distribution:
(1)
where w 0 gives the wage in the source country; r 0 gives the rate of return to observable skills; and the random variable ε 0 measures individual-specific productivity shocks resulting from unobserved characteristics and is normally distributed with mean zero and variance . The distribution of observable skills in the source country's population is given by s = µ s + ε s , where the random variable ε s is also assumed to be normally distributed with mean zero and variance .
If the entire population of the source country were to migrate, this population would face the earnings distribution:
(2)
where the random variable ε 1 is normally distributed with mean zero and variance .
For analytical convenience, we assume that Cov(ε 0 , ε s ) = Cov(ε 1 , ε s ) = 0, so that the individual-specific unobserved productivity shocks (i.e., the "residuals" from the regression line) are independent from observable characteristics. 5 The correlation coefficient between ε 0 and ε 1 equals ρ 01 . It is also worth noting that the random variable ε s is individual-specific and has the same value for the same individual in both countries, whereas ε 0 and ε 1 are both individual-and country-specific.
Equations (1) and (2) completely describe the earnings opportunities available to persons born in the source country. Assume that the migration decision is determined by a comparison of earnings opportunities across countries net of migration costs C. Define the index function:
5 A more realistic assumption would be that the correlation between observed and unobserved skills is positive. However, allowing for positive correlation does not change the qualitative predictions of the model.
where π gives a "time-equivalent" measure of migration costs (π = C/w 0 ). The crosscountry difference in earnings net of the time-equivalent migration cost for an individual with average observed and unobserved characteristics is given by
The difference in earnings attributable to individual deviation from average characteristics is given by ( 1 − 0 ), where v i = (r i ε s + ε i ) for ∈ {0,1}. A person emigrates if the index I > 0, and remains in the origin country otherwise.
Migration costs vary among persons-but the sign of the correlation between costs (whether in dollars or in time-equivalent terms) and skills (both observed and unobserved) is ambiguous and difficult to determine. The heterogeneity in migration costs can be incorporated to the model by assuming that the distribution of the random variable π in the source country's population is given by π = µ π + ε π , where µ π is the mean level of migration costs in the population, and ε π is a normally distributed random variable with mean zero and variance . However, Borjas (1987) and Chiquiar and Hanson (2011) show that time-equivalent migration costs do not play a role in the algorithm that determines the selection of emigrants if either those costs are constant (so that = 0), or if the costs are uncorrelated with skills. For analytical convenience, we assume that time-equivalent migration costs are constant, so that π = µ π . 6 The outmigration rate from the source country is then given by: In addition to identifying the determinants of the outmigration rate in equation (4), the Roy model lets us examine which persons find it most worthwhile to leave the source country. 8 In the following, we examine the self-selection of emigrants along two dimensions: selection in terms of observable skills s and selection in terms of unobservable skills ε 0 , which together combine into selection in terms of total productivity or earnings, as measured by log w 0 .
Let F M (z) and F N (z) represent the (cumulative) probability distributions of skills or earnings for migrants and non-migrants in the source country, respectively, where z 6 If were negatively correlated with skills, the negative correlation would tend to induce the more skilled to migrate, creating a positively selected migrant flow. This would strengthen positive selfselection, and weaken negative self-selection.
7 It is straightforward to study equation (4) to confirm that the migration rate rises, when mean income in the source country falls, mean income in the host country rises, returns to observed skills in the source country fall, returns to observed skills in the host country rise, time-equivalent migration costs fall and when mean observed skills rise if r 1 > r 0 or fall if r 1 < r 0 .
8 Throughout the analysis, we assume that ∆µ * is constant. The migration flow is effectively assumed to be sufficiently small that there are no feedback effects on the labor markets of either the source or destination countries. σ π 2 denotes a particular measure of skills (e.g., observable or unobservable characteristics or income). By definition, the probability distribution of migrants F M (z) first-order stochastically dominates that of stayers F N (z) if: 9
and there is at least one value of for which a strict inequality holds. From now on, whenever we refer to stochastic dominance, we mean first-order stochastic dominance.
Equation (5) implies that a larger fraction of the migrants have skills above any threshold z*. Put differently, for any level of skills z*, the population described by the probability distribution F M is more skilled because a larger fraction of the group exceeds that threshold. The migrants, in short, are positively selected. Negative selection, of course, would occur if the reverse was true and ( ) ≤ ( ) ∀ z, with a strict inequality holding for at least one value of .
If the skill distribution of migrants stochastically dominates that of non-migrants, the stochastic dominance then also implies the typical definition of positive selection that is based on conditional expectations:
so that migrants, on average, are more skilled than stayers. Conversely, if the probability distribution of stayers stochastically dominates that of migrants, and there was negative selection, it would also follow that ( | > 0) < ( | ≤ 0). The converse, however, is not true for a general distribution: A claim of positive selection in expectations, as defined by equation (6), does not imply that the skill distribution of migrants stochastically dominates that of non-migrants.
To derive the stochastic ordering of the skill distributions of migrants and non-migrants, let f(x, v) be a bivariate normal density function, with means (µ x , µ v ), variances and correlation coefficient ρ. Further, let the random variable v be truncated from below at point a and from above at point b. Arnold et al. (1993, p. 473) show that the (marginal) moment generating function of the standardized random variable (x -µ x )/σ x , given the truncation of v, is given by:
In terms of the migration decision, the truncation in the random variable v = v 1 -v 0 in the sample of migrants is from below and implies that α = -∆µ * = k, and β = ∞, where k is 9 An alternative and perhaps more intuitive definition of stochastic dominance is in terms of quantiles. Let ( ) and ( ) be the quantile functions of order of the skill distributions of migrants and nonmigrants. F M (z) stochastically dominates F N (z) if and only if ( ) ≥ ( ) for all 0 ≤ ≤ 1 and there is at least one value of for which a strict inequality holds.
the truncation point. In the sample of stayers, the truncation in v is from above, and the truncation points are α = -∞ and β = k. By substituting these definitions into equation (7), it can be shown that the moment generating functions for the random variable giving the conditional distributions of skill characteristic x for migrants and stayers reduce to:
(8)
Consider any two distribution functions F(z) and G(z). Thistle (1993, p. 307) shows that F will stochastically dominate G if and only if:
where m F is the moment generating function associated with distribution F; m G is the moment generating function associated with G.
The ranking of the moment generating functions in equation (10) implies we can determine the stochastic ranking of the two distributions by simply solving for the relevant correlation coefficient ρ, and comparing equations (8) and (9). Such a comparison implies that:
In other words, migrants are positively selected if ρ > 0, and are negatively selected otherwise. Consider initially the stochastic ranking in observable characteristics. The random variable x = ε s , and the relevant correlation coefficient ρ is defined by:
Equation (12) shows that the stochastic ordering of the distributions of observable skills of migrants and non-migrants depends only on international differences in the rate of return to observable skills. The skill distribution of migrants will stochastically dominate that of stayers when the rate of return to skills is higher abroad. Conversely, the skill distribution for non-migrants will stochastically dominate the distribution for migrants if the rate of return to observable skills is larger at home.
Consider next the stochastic ordering in the conditional distributions of unobservable skills ε 0 . The relevant correlation for determining this type of selection is given by:
It follows that the distribution of unobservable skills for migrants stochastically dominates that for non-migrants when 01 1 0 > 1. Note that the necessary condition for positive selection has two components. First, the unobserved characteristics must be "transferable" across countries, so that ρ 01 is sufficiently high. Second, the residual variance in earnings is larger in the destination country than in the source country. The residual variances and , of course, measure the "price" of unobserved characteristics: the greater the rewards to unobserved skills, the larger the residual inequality in wages. 10 As long as unobserved characteristics are sufficiently transferable across countries, emigrants are positively selected when the rate of return to unobservable skills is higher in the destination.
Finally, consider the stochastic ranking in "total" productivity. The earnings distribution in the source country given by equation (1) can be rewritten as:
where the normally distributed random variable v 0 has mean zero and variance . The relevant correlation for determining the stochastic ranking of the earnings distributions of migrants and non-migrants is:
The sign of the correlation in equation (15), which determines the nature of the selection in pre-migration earnings, depends on the sign of a weighted average of the selection that occurs in observable and unobservable characteristics. Interestingly, the weight is the fraction of the variance in earnings that can be attributed to differences in observable and unobservable characteristics, respectively.
If there is positive (negative) selection in both "primitive" types of skills, there will then be positive (negative) selection in pre-migration earnings. If, however, there are different types of selection in the two types of skills, the selection in each type is weighted by its importance in creating the variance of the earnings distribution. It is well known that observable characteristics (such as educational attainment) explain a relatively small fraction of the variance in earnings (perhaps less than a third). As a result, equation (15) implies that it is the selection in unobservables that is most likely to determine the nature of the selection in the pre-migration earnings of emigrants. This implication plays an important role in explaining why the evidence reported in Fernández-Huertas Moraga (2011) and Kaestner and Malamud (2014) conflicts with that of Chiquiar and Hanson (2005) .
As mentioned earlier, the stochastic dominance results necessarily imply selection in terms of conditional expectations. In the case of bivariate normal distributions, it follows that the expectation of the earnings distribution of migrants E(log w 0 | v * > −∆µ * ) is given by:
where λ(−∆µ * ) = φ( −∆µ * )/[1 − Φ( −∆µ * )] > 0, and φ is the density of the standard normal distribution. As can be seen by examining equation (16), the conditions that determine the self-selection in terms of expectations are the same as the conditions that determine the stochastic ordering of the skill distributions of migrants and non-migrants.
In the normal distribution framework that underlies the canonical Roy model, stochastic dominance implies selection in expectations, and vice versa.
In empirical applications, however, the prediction of stochastic dominance is likely to be much less robust than the predictions concerning expectations because testing for stochastic dominance will require a more rigorous test than simply comparing the average incomes or skills of migrants and non-migrants. If one just compares the averages to find out how migrants are self-selected, the findings can be compatible with the predictions of the Roy-model even if a large number of individuals in the data behave against the stochastic dominance predictions of the model. As a result, establishing an empirical pattern of stochastic dominance provides very strong evidence that differences in skill prices are indeed important in migration decisions.
Data
Our analysis uses administrative data for the entire Danish population from 1995 to 2010. The data is maintained and provided by Statistics Denmark and it derives from the administrative registers of governmental agencies that are merged using a unique social security number. 11
For each year between 1995 and 2004, we identified all Danish citizens aged 25-54 who lived in Denmark during the entire calendar year. 12 We restrict the analysis to persons who worked full time. 13 Migration decisions of part-time workers or of workers outside the labor force may be driven by different factors, and the observed income of these workers may not be indicative of their true earnings potential. The income variable for each year is constructed by adding the worker's annual gross labor income and positive values of freelance income. 14 We merged this information with data from the migration register for the years 1995 through 2010. The migration register reports the date of emigration and the country of destination. Even though it is possible for Danish citizens to emigrate without registering, we expect that the numbers of persons who do so is small as it is a legal requirement for Danish citizens to report emigration. Danish tax laws provide further incentives for migrants to register emigration decisions.
After identifying the population of interest, we determined for each person whether he or she emigrated from Denmark during the following calendar year. If we found that a particular person emigrated, we searched for the person in the migration register for subsequent years to determine if the migrant returned to Denmark at some point in the future, and recorded the date of possible return migration. The migration register includes near-complete information on return migration, as registration in Denmark is required for the return migrant to be eligible for income transfers and to be covered by national health insurance.
To focus on migration decisions that are permanent in nature, we restrict the analysis to migration spells that are at least five years long. 15 We define a migrant as an individual who is found in one of the 1995-2004 cross-sections, who emigrates from Denmark during the following year to destinations outside Greenland or the Faroe Islands, and who stays abroad for at least five years. 16 Individuals who emigrated for less than five years were removed from the data, and the rest of the population is then classified as nonmigrants. 17 The analysis of both migrants and non-migrants is further restricted to only include Danish citizens who do not have an "immigration background." 18 Table 1 reports summary statistics from the Danish administrative data. The panel data set contains over 6.4 million male and 5.1 million female non-migrants. The construc-tion of the data implies that non-migrants appear in the data multiple times (potentially once in each cross-section between 1995 and 2004). We were able to identify 7323 male and 3436 female migrants. By construction, these migrants are persons who we first observe residing in Denmark and who left the country at some point between 1996 and 2005. As Table 1 shows, the Danish emigrants are younger than the non-migrants, regardless of gender. Despite the age difference, the emigrants earned higher annual incomes in the year prior to the migration than the non-migrants.
We construct a simple measure of "standardized earnings" that adjusts for differences in age, gender, and year effects. Standardized earnings are defined by the ratio of a worker's annual gross earnings to the mean gross earnings of workers of the same age and gender during the calendar year. 19 Table 1 shows that emigrants earn more than non-migrants in terms of standardized earnings. In particular, male emigrants earn about 30 percent more than non-migrants, and female emigrants earn about 20 percent more. Finally, it is also interesting to summarize the link between education and emigration. Table 3 reports the education distributions for non-migrants and migrants. It is evident that the migrants tend to be more educated than the non-migrants, among both men and women. For example, 50 percent of Danish male non-migrants have a vocational education, as compared to only 30 percent of migrants to non-Nordic destinations. Similarly, the fraction of male migrants to non-Nordic destinations with a Master's degree is 24 percent, whereas only 7 percent of male non-migrants have a Master's degree.
In order to add time dimension, the evolution of the emigration rate is presented in figure 1a for men and in figure 1b for women separately for the whole population and for those with higher education and without higher education. As we are looking at long-term migration, the emigration rates are small, but there is an upward trend. The rate is higher for men and for those with higher education. We also computed the difference between the average of the log standardized earnings, or a degree of selection, for migrants and non-migrants for each year from 1995 to 2004 for men and women separately. The results are reported in figures 2a and 2b. There is a downward trend in the difference for both men and women. The finding makes sense: when the migrants are positively self-selected and the emigration rate gets bigger the average standardized earnings of migrants should get smaller. However, the variation across years is small, so that pooling the data is justified.
To summarize, the descriptive findings suggest a strong degree of positive selectionat least as measured by education and differences in the conditional means of earnings.
Selection in pre-migration earnings
This section presents empirical evidence on the self-selection of emigrants from Denmark in terms of standardized pre-emigration earnings. The main empirical finding is that long-term emigrants from Denmark were, in general, much more productive prior to their migration than individuals who chose to stay.
Of course, the summary statistics reported in Table 1 already suggest positive selection among emigrants because their standardized earnings exceeded those of non-migrants. However, differences in conditional averages could be masking substantial differences between the underlying probability distributions. Our theoretical framework predicts that the distribution of earnings for migrants should stochastically dominate that of non-migrants. As a result, our empirical analysis will mainly consist of comparing cumulative distributions of standardized earnings between migrants and non-migrants. An advantage of simply graphing and examining the cumulative distributions is that the analysis does not require any type of kernel density estimation, and that we do not need to impose any statistical assumptions or parametric structure on the data. We will also present kernel density estimates of the earnings density functions as an alternative way of presenting the key insights. Finally, we will derive and report statistical tests to determine if the data support the theoretical prediction of stochastic dominance. Figure 3a illustrates the cumulative earnings distributions for male migrants to Nordic countries, male migrants to destinations outside Nordic countries, and for male nonmigrants. The values of the standardized earnings are truncated at -2 and 2 to make the graphs more tractable. 21 The figure confirms that migrants were positively selected during the study period. The cumulative distribution function of standardized earnings of migrants to destinations outside the Nordic countries is clearly located to the right of the corresponding cumulative distribution for non-migrants, as would be the case if the cumulative distribution of migrants stochastically dominates that of non-migrants. The figure also shows that the distribution function for migrants to other Nordic countries is located to the right of that for non-migrants. However, the selection of the migrants to Nordic countries seems weaker. This weaker selection may arise because the rate of return to skills in Nordic countries is relatively low when compared to that in other potential destinations. 22 Figure 3b presents corresponding evidence for women. 23 The main findings are qualitatively similar, but the positive selection seems weaker.
21 The truncation does not alter the results considerably as the shares of observations below the lower and above the upper truncation points are small. Further, the following analysis of differences between cumulative distribution functions does not use truncation. 0.07% of non-migrants, 0.19% migrants to other Nordic countries and 0.11% of migrants to other destinations lie below the lower truncation point. Correspondingly, 0.03% of non-migrants and 0.21% of migrants to destinations outside Nordic countries lie above the upper truncation point. There are no migrants to other Nordic countries above the upper truncation point.
22 Moreover, some Danes may live in southern Sweden but work in Denmark. As this type of migration is not related to returns to skills in the destination country this should decrease the estimated selection to Nordic countries. Figure 4a presents the corresponding kernel estimates of the density functions of the logarithm of standardized earnings for men, while Figure 4b presents the respective graphs for women. 24 The density functions again reveal the positive selection of migrants moving outside the Nordic countries, both for men and women.
As is evident from the figures, Kolmogorov-Smirnov tests comparing the earnings distributions for different groups reject the hypothesis that the underlying earnings distributions are the same at a highly significant level. In addition to showing that the cumulative distributions are different, it is also important to determine if the evidence statistically supports the theoretical prediction that the cumulative distribution function of migrants stochastically dominates that of non-migrants. Statistical tests for first-order stochastic dominance are highly sensitive to small changes in the underlying distributions, making it difficult to rank distributions in many empirical applications. 25 As noted by Davidson and Duclos (2013) , it may be impossible to infer stochastic dominance over the full support of empirical distributions if the distributions are continuous in the tails, simply because there is not enough information in the tails for meaningful testing of any statistical hypothesis. It would then make sense to focus on testing stochastic dominance over a restricted range of the distribution. We apply an approach that characterizes the range over which the value of the cumulative distribution function for nonmigrants is statistically significantly larger than that of non-migrants.
In particular, we calculate the difference between the cumulative distribution functions with confidence intervals. To calculate the confidence intervals we use tools that were introduced in Araar (2006) and Araar et al. (2009) . 26 More formally, we test the following null hypothesis for each ∈ , where is the joint support of the two distributions:
against the alternative hypothesis
and characterize any relevant range of where we are able to reject the null.
Let �( ) be the standard deviation of the estimator ∆ � ( (w)) , and let z(θ) be the (1 -θ) th quantile of the standard normal distribution. 27F 27 Davidson and Duclos (2000) show that the estimator ∆ �( (w)) is consistent and asymptotically normally distributed. We can then define the lower bound for a one-sided confidence interval for ∆� ( )� as: 28
We estimate the standard errors using a Taylor linearization and allow for clustering at the individual level. We then implement the procedure by calculating the lower bounds of the confidence intervals for the estimate ∆ �( (w)) defined in equation (19). Table 4 reports the shares of migrants and non-migrants whose earnings are outside the range over which the migrant distribution stochastically dominates at a 95 percent confidence level. Consider first the distributions of non-migrant men and men migrating to destinations outside the Nordic countries. Although it is not clearly visible from figure 3a, the cumulative distribution functions cross near the lower tails of the distributions. Figure 5a depicts ∆ �( (w)) and lower and upper bounds for a 95% confidence interval. 29 The lower bound of the confidence interval is positive on most of the range covering the supports of the distributions. Only 1.3 percent of the migrants and 1.6 percent of the non-migrants lie below the lower bound of the range where the lower bound of the confidence interval is positive. Put differently, the earnings of over 98 percent of male migrants to destinations outside Nordic countries are on the range where the cumulative distribution function for non-migrants is statistically significantly above the function for migrants.
Figure 5b depicts ∆ �( (w)) and the bounds for a 95% confidence interval for nonmigrant women and women migrating to destinations outside Nordic countries. Only 2.0 percent of the migrants and 2.5 percent of the non-migrants have earnings below the range where the lower bound of the confidence interval is positive, and an even smaller 0.2 percent of the migrants and 0.01 percent of the non-migrants have earnings above this range. We interpret these findings as support for the stochastic dominance prediction for both men and women migrating outside Nordic countries.
Figures 6a and 6b and the bottom panel of Table 4 present a corresponding analysis by comparing the cumulative distributions of persons who migrate to other Nordic countries with that of non-migrants. Almost 10 percent of male migrants and 12 percent of male non-migrants have earnings that lie below the range where � ∆( (w)) is positive, and another 0.9 percent of the migrants and 0.5 percent of the non-migrants have earnings above the range. Put differently, about 90 percent of the male migrants to Nordic countries have incomes on the range where � ∆( (w)) is positive. For women, it can be seen in Table 4 that almost 97 percent of the migrants going to Nordic countries have earnings on the range where � ∆( (w)) is positive. To sum up, the findings offer support to the stochastic dominance prediction for male and female migrants regardless of their destination, although the evidence is weaker for men who migrated to Nordic countries.
Additional support for our theory comes from Mexico. Our theory predicts that the earnings distribution of migrants from Mexico to the United States should be stochastically dominated by the earnings distribution of non-migrants. Fernández-Huertas Moraga (2011) presents these distributions for men. Although he does not present confidence intervals as we do, the figures suggest a pattern that mirrors what we find for Denmark, reversing the curves for migrants and non-migrants. In Mexico, the wage distribution of non-migrants stochastically dominates that of migrants, apart from an overlap for a few percent at the bottom and converging at the top.
Selection in unobservable characteristics
In the previous section, we documented the selection that characterizes the migrants using the total pre-migration earnings (after adjusting for age and year). We now examine a specific component of earnings, namely the component due to unobserved characteristics. In particular, we now adjust for differences in educational attainment between migrants and non-migrants (as well as other observable variables) by running earnings regressions, and determine whether the distribution of the residuals differs between the two groups. 30
By construction, the residuals from a Mincerian wage regression reflect the part of earnings that is uncorrelated with the observed measures of skill. Obviously, the decomposition is somewhat arbitrary because it depends on the characteristics that are observed and can be included as regressors in the wage equation. Nevertheless, the study of emigrant selection in terms of wage residuals is important for a number of reasons.
First, selection in terms of unobservable characteristics sheds light on the importance of the quality of job matches relative to the skill component that is internationally transferable. The theory predicts that the nature of the selection in unobservable characteristics depends on the magnitude of the correlation coefficient measuring how the source and destination countries value these types of skills. As long as this correlation is strongly positive (so that unobserved characteristics are easily transferable across countries), Danish emigrants would be positively selected in unobservables. After all, the payoff to these types of skills is likely to be greater in the destination countries. However, it could be argued that the correlation between the wage residuals in Denmark and abroad may be "small". For example, the residuals from the wage regression may be largely reflecting the quality of the existing job match in the Danish labor market, rather than measuring the worker's innate productivity. To the extent that the quality of the job match plays an important role in generating the residual, the correlation in this residual across countries would be expected to be weak (in fact, a pure random matching model would suggest that it would be zero). As a result, there would be negative selection in unobserved characteristics simply because Danish workers with good job matches (and hence high values of the residual) would not move.
Second, the theory also suggests that the nature of the selection in pre-migration earnings depends on a weighted average of the selection that occurs in observable and un-observable characteristics, with the weights being the fraction of earnings variance attributable to each type of skill. Because observable characteristics play only a limited role in explaining the variance of earnings in the population, it is crucial to precisely delineate the nature of selection in unobservable characteristics. Table 5 reports the Mincerian wage regressions that we use to calculate the residuals. The sample includes the whole population of prime aged full time workers pooled over the entire 1995-2004 period. In addition to vectors of fixed effects giving the worker's age and educational attainment, we also include the worker's marital status and number of children. The regressions are estimated separately for men and women. Figure 7a presents the cumulative distributions of wage residuals for male migrants to Nordic countries, male migrants to destinations outside Nordic countries, and male nonmigrants. The values of the residuals are truncated at -2 and 2, a range that covers practically all of the population. 31 The cumulative distribution function of residuals for emigrants who moved outside the Nordic countries is located to the right of the cumulative distribution for migrants to Nordic countries, which in turn is located to the right of the cumulative distribution of the non-migrants. The visual evidence, therefore, provides a strong indication that migrants are positively selected in terms of unobserved characteristics. Figure 7b presents the analogous evidence for women. 32 The figure shows that female migrants are also positively selected in terms of wage residuals. As was the case when comparing the measure of pre-migration earnings in the previous section, the selection in unobserved characteristics is less pronounced for women than for men. One explanation for this could be that men are typically primary earners in couples.
We also performed Kolmogorov-Smirnov tests on the distributions of residuals for nonmigrants and migrants to other Nordic countries and for migrants to other destinations (separately for men and women). All the tests clearly rejected the null hypothesis, confirming that the distributions of residuals indeed differ among the groups. 33
The evidence on the positive selection of migrants in unobserved characteristics obviously implies that the selection in pre-migration earnings documented in the previous section cannot be attributed solely to the fact that migrants are more educated. Instead, we find that there is positive selection within education groups. This result also has implications on the interpretation of earnings regression residuals in general. The residuals from wage regressions are sometimes interpreted as reflecting the value of the job match between the worker and the employer. If a high value for the residual only reflects a good match, we would then expect to find that workers with large residuals would be less likely to change jobs and less prone to migrate. Our findings clearly reject As in the previous section, we also calculated the difference between the cumulative distribution functions with confidence intervals to determine whether empirical evidence supports the stochastic dominance prediction. The test results are summarized in Table 6 . Figure 8a depicts ∆ �( (w)) and the lower and upper bounds for a 95% confidence interval for the comparison between non-migrant men and men migrating to destinations outside Nordic countries. The lower bound of the 95% confidence interval is positive on the range of residuals covering most of the support of the two distributions. And the cumulative distribution functions cross only in the lower tails of the distributions. Although we cannot conclusively reject the null hypothesis of no stochastic dominance (because the distribution functions cross in the tails), only 5.6 percent of the migrants and 6.2 percent of the non-migrants have wage residuals below the lower bound of this range. In short, there is strong evidence of stochastic dominance for the vast majority of male migrants. 35 Figure 9a depicts ∆ �( (w)) and the bounds for a 95% confidence interval for nonmigrant men and men migrating to other Nordic countries. A 12 percent share of migrants and 13 percent of non-migrants have values of the wage residual that are below the lower bound of the range where the lower bound of the 95% confidence interval is positive, and an additional 1 percent or so of both groups have values of the residual that would place them above this range. Put differently, we find statistically significant evidence of stochastic dominance in unobserved characteristics in the range of the distribution that includes around 86 percent of all observations. 36 Interestingly, there is an area in the left tail of the distribution of residuals where the upper bound of the confidence interval is negative. 37 We conclude by summarizing the evidence as follows: there is strong positive selection in unobservable characteristics in the sample of migrants that moved outside the Nordic countries and weaker evidence of positive selection in the sample of migrants who moved to other Nordic countries.
Bias in counterfactual predictions
The fact that emigrants are self-selected in their unobserved characteristics implies that using the observable characteristics of migrants to predict their counterfactual earnings had they chosen not to migrate will lead to biased results. Due to data constraints, this is precisely the empirical exercise conducted by Chiquiar and Hanson (2005) , who adopt the methodology introduced by DiNardo, Fortin, and Lemieux (1996) and build a counterfactual wage density of what the Mexican immigrants would have earned in Mexico had they stayed. The actual wage density of Mexican "stayers" is then compared to the counterfactual density for migrants. By construction, this approach ignores the role of unobservable characteristics in the estimation of the counterfactual wage distribution.
A clear advantage of the Danish administrative data is that the earnings of emigrants can be observed before they emigrate, so there is no need to build a counterfactual density. One just needs to compare the earnings distribution of non-migrants to the actual distribution of future migrants, as we have done in the preceding analysis. The administrative data, however, allows us to precisely measure the extent of the bias resulting from carrying out the counterfactual exercise in Chiquiar and Hanson (2005) . In particular, we can contrast the predicted counterfactual wage distribution of migrants had they not moved to the actual wage distribution of migrants prior to their move. We carry out this exercise by precisely replicating the various steps in the Chiquiar-Hanson calculations. It is worth emphasizing that this type of bias will arise not only in studies that examine the selection of migrants, but in any study that relies on observables to predict a counterfactual wage distribution.
Let represent the logarithm of standardized annual earnings as defined earlier (i.e. earnings adjusted for age, gender, and year effects). Let ( | ) be the density function of wages in Denmark, conditional on a set of observable characteristics . Also, let be an indicator variable equal to one if the individual migrates the following year and equal to zero otherwise. Define further ℎ( | = 0) as the conditional density of observed characteristics among workers in Denmark who choose not to migrate, and ℎ( | = 1) be the corresponding conditional density among migrants. The observed wage density for the non-migrants is
Similarly, the observed density for the migrants is
Up to this point, the analysis reported in this paper consists of directly estimating and comparing the distribution functions associated with the densities in equations (20) and (21). Suppose that the pre-migration earnings density for non-migrants were not available. We would instead attempt to estimate it from the observable characteristics of the migrants. The implied counterfactual distribution is:
Equation (23) corresponds to the density of income for non-migrants, but it is instead integrated over the density of observable characteristics for migrants. Note that the counterfactual density in (23) can be rewritten as:
(24)
. To compute , we use Bayes' law to write:
, where ℎ( ) is the unconditional density of observed characteristics.
We can then combine these two equations to solve for θ:
The proportion Pr(I = 0)/Pr(I = 1) is a constant related to the proportion of migrants in the data. It can be set to one in kernel density estimation without loss of generality. The weight we use in the estimation is then given by:
As in Chiquiar and Hanson (2005) , the individual weights θ e are calculated by estimating a logit model where the dependent variable indicates if a person emigrated. The regressors include a vector of age fixed effects, a vector of schooling fixed effects, variables indicating whether the worker is married and the number of children (and an interaction between these two variables), and a vector of year fixed effects. 38 Table 7 reports the logit regressions estimated separately by gender. The coefficients are then used to compute the weights for each non-migrant person in the sample. 39 Figures 10a and 10b present the resulting counterfactual density functions of the logarithm of standardized earnings as well as the actual distributions for migrants and non-migrants. 40
The difference between the actual density for non-migrants and the counterfactual density for migrants reflects the part of self-selection that is due to observable characteristics. Similarly, the difference between the counterfactual and actual densities for migrants reflects the part of selection that is due to unobserved characteristics (i.e., all those variables that could not be included in the logit model).
One simple way of quantifying these distributional differences is to compute the averages of the various distributions. These calculations are reported in Table 8 . Consider initially the results in the male sample. The difference between the mean of the actual distributions for migrants and non-migrants is 0.245 log points, but the difference between the counterfactual distribution and the distribution for non-migrants is 0.073. This implies that only about 30 percent of the positive selection in pre-migration earnings can be attributed to the observable characteristics included in the logit model, while about 70 percent is attributable to unobservable determinants of productivity.
The calculations in the female sample yield a difference of 0.157 log points between the means of the actual distributions for migrants and non-migrants and a difference of 0.074 points between the counterfactual distribution and the distribution for nonmigrants. As a result, observable and unobservable characteristics each account for about half of the positive self-selection in the pre-migration earnings of women. 41 The key lesson is clear: selection in unobservable characteristics plays a crucial role in determining the skill composition of emigrants.
The distinct role of observables and unobservables in determining the selection in the pre-migration earnings of migrants is evident if we return to the Roy model and equation (16), which presents the conditional expectation E(log w 0 | v * > −∆µ * ).
Equation (18) yields an interesting and potentially important insight. The nature of the selection in pre-migration earnings, of course, is given by the sum of the selection in observables and the selection in unobservables. Note, however, that each of these selection terms has a weighting coefficient that represents the variance in earnings attributable to observable characteristics ( ) or to unobservable characteristics ( ). As noted earlier, observable characteristics explain a relatively small fraction of the variance in earnings. Put differently, equation (7) implies that it is the selection in unobservables that is most likely to determine the nature of the selection that characterizes the emigrant sample.
To the extent that both types of selections (i.e., in observables and unobservables) work in the same direction, the counterfactual exercise described in this section will inevitably underestimate the true extent of positive selection in pre-migration earnings. Conversely, the counterfactual exercise will also attenuate the extent of "true" negative selection if there is negative selection in both components of skills. In fact, Fernández-Huertas Moraga (2011) presents a corresponding analysis using survey data from Mexico and finds that counterfactual estimates greatly underestimate the extent of negative selection in the pre-migration earnings of Mexicans who move to the United States. Put differently, the counterfactual exercise may lead to qualitatively right conclusions about the nature of the selection, but it may also generate a sizable bias, greatly underestimating the true extent of either positive or negative selection.
Selection and immigration restrictions
As applied in the immigration literature, the Roy model focuses solely on the economic factors that motivate labor flows across international borders. The modeling typically ignores the fact that these flows occur within a policy framework where some receiving countries enact detailed restrictions specifying which potential migrants are admissible and which are not.
We can use the administrative data from Denmark, combined with the unique political circumstances that guarantee free migration within Europe, to partially address the question of whether immigration policy affects selection all that much in the end. Specifically, we can subdivide the group of migrants who moved outside Nordic countries into two groups: those who moved to a country in the EU15 or to Switzerland, and those who moved to a country outside the EU15 and Switzerland. Movement of labor was unrestricted within Denmark and EU15 countries and Switzerland in the period under study, but was obviously restricted by immigration regulations to destinations outside the EU15, such as the United States. 42 It turns out that these different immigration policies pursued by the EU15 and Switzerland and the rest of the world barely matter in determining the selection of Danish emigrants. Figure 11a depicts the cumulative distribution functions of the logarithm of standardized annual income for men and figure 11b for women. It is evident that the distribution functions of standardized earnings are very similar for the two groups of migrants. 43 We also conducted the analysis using the wage residuals (not shown), and the distributions of residuals are also similar between the two groups.
There is an important sense in which these policy restrictions cannot matter much. Suppose, for example, that a receiving country enacts a policy that limits entry only to high-skill immigrants. If the high-skill immigrants from a sending country do not find it optimal to move, the policy cannot force those high-skill workers to migrate. All the policy can do is essentially cut the migration flow from that particular sending country down to zero. The low-skill workers would like to move but are not admitted, and the high skill workers are admissible but they do not want to move.
In sum, the positive self-selection that is so evident in the Danish emigrant data cannot be explained by the possibility that migration costs or immigration restrictions differ by destination. Even though labor flows to the EU15 were unrestricted and were probably relatively cheap for Danish emigrants, there is no evidence of weaker positive selection to the European Union sphere during the period under study.
Conclusion
This paper shows that the Roy model has more dramatic predictions on the selfselection of emigrants than previously examined. The same conditions that have been shown to result in emigrants being positively (negatively) self-selected in terms of their average earnings actually imply that the earnings distribution of emigrants first-order stochastically dominates (or is first-order stochastically dominated by) the earnings distribution of non-migrants. Our theoretical analysis also distinguishes between selection in observable and selection in unobservable characteristics.
Our empirical analysis uses the Danish full population administrative data to analyze the self-selection of emigrants, in terms of education, earnings and unobservable ability, measured by residuals from Mincerian earnings regressions. The results are in line with the theory; the migrants are better educated and both pre-emigration earnings and wage regression residuals of migrants stochastically dominate those of non-migrants over most of the support of the distributions. Consider, for example, the case of full-time workers aged 25-54. For 98 percent of both men and women who migrate outside other Nordic countries the cumulative earnings distribution in the year before emigration stochastically dominates that of non-migrants with a 95% confidence interval. The difference between the cumulative distributions is not statistically significantly different in either direction for the remaining 2 percent.
Decomposing the self-selection in total earnings into self-selection in observable characteristics and self-selection in unobservable characteristics (as measured by residuals from Mincerian wage regressions), reveals that unobserved abilities play the dominant role. For men, about 70 percent of the positive self-selection in pre-migration earnings is attributable to unobservable determinants of productivity. For women, the fraction is about 50 percent. This suggests that relying on counterfactual distributions, based on observed characteristics, would strongly underestimate positive self-selection. This result complements the Fernández-Huertas Moraga (2011) finding that counterfactual estimates also greatly underestimate the extent of negative selection in the premigration earnings of Mexicans who move to the United States. In short, the use of counterfactual earnings distributions based on observable characteristics greatly understate the true extent of selection in total earnings. Strong positive self-selection in residuals also suggests that unobserved abilities play a much bigger role in migration decisions than match quality.
Our findings also have implications for immigration policies. Receiving countries can only base their admission policies on skill variables that are observed, whereas much of the selection of immigrants is "hidden" in their unobserved characteristics. It can be expected that migrants will be self-selected in terms of unobserved characteristics even when admission restrictions are applied, and the self-selection among those fulfilling admission criteria can be expected to reflect relative skill prices. This raises a question about the effectiveness of point systems that are necessarily based on observable characteristics. The importance of relative skill prices is also supported by our separate analyses of self-selection of Danes migrating to the countries belonging to common European labor market (excluding other Nordic countries that have skill prices similar to Denmark) and not having any immigration restrictions, and the self-selection to the rest of the world. There is virtually no difference in the self-selection to these destination areas. 
